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摘要 
 
能源是经济发展的基石，因此,我们要关注能源发展,其使用的可得性以及能源消费给环
境带来的影响。考虑到能源使用的不确定性，对能源开发项目投资的任何决策都需要提前
规划。本论文正是基于此，旨在提供非洲能源发展所需的规划，以帮助弥补现有研究差距
和政策创新。 
本文选取非洲的一些国家（即加纳，尼日利亚，南非和埃及），使用超越对数生产函
数方法研究能源替代可能性。把石油、电煤消费量作为能源投入，并加入了资本和劳动力
投入。首先，模型计算出了产出弹性以及各种投入变量之间的替代弹性。其次，投入要素
之间替代的可行性将在很大程度上取决于技术进步，因此需要估计所使用的各种投入的技
术进步。最后，我们讨论了增加使用可再生能源的政策，以增加可再生能源投资和消费量
的扩大。论文为所选择的各国和所有非洲国家提供了一些政策建议。 
首先，对加纳的研究结果表明，所有投入要素之间随着相对技术进步均可表现出相
互替代性并会收敛。这表明，将资源转向技术改进以实现更清洁的能源生产（如电力）将
随着时间的推移取得成功，这意味着未来可以在更清洁的环境中为经济发展提供能源供
应，并减少二氧化碳排放。提高电力生产和促进其使用需要政府政策，例如资本补贴和税
收减免，以使工厂放弃使用一种投入而转向另一种投入。 此外，在我们的研究结果中，
能源和劳动力，能源和资本之间都是替代品，表明取消所有能源补贴将减少能源的使用，
增加资本和劳动密集度。 
第二，关于尼日利亚的研究表明，所有投入要素之间都是替代品; 因此，采用竞争
性定价政策和取消石油补贴和价格上限将使工厂增加电力使用，提高资本和劳动密集度。 
此外，研究指出了在各种投入要素之间相对技术进步趋同的证据以及电力注册速度是最快
的。 这意味着石油将逐渐失去在尼日利亚能源结构中的主导地位。 
第三，对南非的研究结果表明，电力和煤炭是南非产出增加的主要驱动力，并且比石油而
言，技术进步更快。 此外，我们发现各种能源投入要素是替代品; 因此取消对石油的所有
价格上限和补贴将减少对石油的需求，有效地保护南非经济免受外部石油价格冲击，同时
减少二氧化碳排放。 这也将增加对可再生能源的电力需求; 然而，这种替代的成功与否将
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取决于针对大规模电力生产以满足需求的政策。这也表明煤炭将继续作为南非的主要能
源。 因此，采用各种清洁煤技术将有助于二氧化碳减排，使南非实现减少二氧化碳排放
的目标。 
第四，埃及的结果表明，所有投入要素之间都是有效的替代品;采用竞争性电价定
价政策和取消石油补贴和价格上限将重新引导工厂增加电力使用。这提高了资本和劳动密
集度，意味着能够为埃及经济提供燃料和减少二氧化碳排放，然而，成功与否将取决于政
府是否要加强劳动法和成本干预政策，帮助工业调整转型。尽管如此，这项研究证明了所
有投入要素之间具有收敛性，并且电力具有相对最快的技术进步，而劳动和石油快于资
本，这表明旨在增加可再生电力生产和加强劳动力的合并政策是成功的。四个国家的总体
替代性表明，可以在不妨碍经济增长的情况下减少二氧化碳排放。所有四个国家通过增加
5％的石油投资和10％的减少煤炭消费投资，可以增加大量的二氧化碳减排量。 
最后，对非洲的研究结果表明，即使总电力和劳动力是经济增长的主要驱动因素，
产出弹性估计结果证明，石油和电力对产出的弹性超过资本和劳动。结果也证明了所有投
入都是替代品但技术变化率较低。石油和电力之间的替代弹性在1-1.39之间，这清楚地表
明，从能源转向用电的政策长远来说是可行的。这意味着未来可以在更清洁的环境中为经
济发展提供能源供应，并且使经济免于巨额石油进口费和补贴。资本和石油之间的替代范
围也表明，通过提高资本密集度的政策减少了石油消费量，同时还使得石油失去了对资本
的主导地位。 
 
关键词: 能源替代; 可再生能源; 产出弹性; 非洲 
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Abstract 
Energy has become the bedrock of every economy’s development hence, the uncertainty 
with regards to its availability for consumption and affordability, its development and the effect 
of its consumption on the environment should be given the needed attention. Given the 
uncertainties surrounding energy use, any decision towards investment into energy development 
projects requires the needed planning which this dissertation sorts to present on Africa to help 
bridge the research gap and innovation in policies towards planning on the topic. 
 The main purpose of this dissertation is first, access energy substitution possibility in some 
selected countries in African namely Ghana, Nigeria, South Africa and Egypt by applying the 
translog production method to a time series data of petroleum, electricity coal consumption as 
energy inputs and capital and labor as factor inputs and second applying the same variable to a 
panel data on all African countries. First, the modeling sort to extract output elasticities and 
estimate the possibility of substituting one input for another and the feasibility of substituting an 
input for the other will largely depend on the technological advancement of the input hence the 
need to estimate the technological progress of various inputs employed. Second, policies of 
increasing the use of renewable energy will be discussed to enhance the expansion of renewable 
energy investment and consumption. The dissertation documents some findings which includes 
for various countries selected and all African countries. 
  
In the first place, our results on Ghana show that, all inputs are substitutes with their relative 
technological progress also showing evidence of convergence. This suggests that, redirecting 
resources into the improvement of technology towards cleaner energy production like electricity 
will be a success over time and this will mean the fueling of the economy will be done in a 
cleaner environment  and mitigating CO2 emissions as well. The improvement of electricity 
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production and the promotion of its use require government policies that will enable industries to 
adjust to the switch from one input to the other through capital subsidies and tax rebates. Also, 
energy - labor and capital - energy being substitutes in our findings suggest that, removal of all 
energy subsidies will reduce the use of energy and increase capital and labor intensiveness 
 
Second, the same findings for all inputs being substitutes were documented on Nigeria 
however, petroleum was found not to be among the main drivers of the Nigerian economy. This 
implies that adopting competitive pricing policies and removal of petroleum subsidies and price 
ceilings would redirect industries towards an increased use of electricity and increase capital and 
labor intensiveness. Furthermore, the study points to evidence for convergence in relative 
technical progress among the various input pairs with electricity registering the fastest rate. 
These imply that petroleum would gradually lose its dominance in Nigerian energy mix. 
Third, result on South result documents that electricity and coal are the major drivers of 
South African output and also have a faster technological progress over petroleum. Also energy 
inputs were found to be substitutes; therefore removing all price ceilings and subsidies on 
petroleum will decrease the demand for petroleum in effect protecting South African economy 
from external petroleum price shocks while reducing CO2 emissions. This will also increase the 
demand for electricity from renewable sources; however the success of this substitution will 
depend on policies geared towards large scale electricity production to meet demand. The also 
points to evidence that coal will continue to dominate as the main energy source of South Africa. 
Therefore, adopting various clean coal technologies will help accelerate the CO2 mitigation 
effort to enable South Africa meet its CO2 reduction target. 
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Fourth, the results on follows the result of the other countries with all inputs being 
substitutes  which implies that adopting competitive electricity pricing policies and removal of 
petroleum subsidies and price ceilings will re-direct industrial energy use to electricity as well as 
increasing efficient capital and labor intensiveness which imply the ability to fuel the Egyptian 
economy as well as mitigate CO2 emissions however, the success of this will depend on 
government policies towards strengthening labor laws and cost intervention policies to help 
industries adjust to the switch. Notwithstanding, this study  evidenced  convergence of all input 
pairs with electricity having the fastest relative technological progress while labor and petroleum 
faster than capital which indicate the success of policies which aim at increasing renewable 
electricity production and strengthening labor and merger policies. Aggregate substitution 
benefit of the four countries indicates that, CO2 emissions could be reduced without hampering 
economic growth. All the four countries registered a high amount of CO2 emission reduction 
through increasing capital investment by 5 and 10% towards petroleum and coal reduction and 
also evidenced a neutral effect on output of the economy. 
Finally, results on Africa indicate that, even though aggregate electricity and labor were 
found to be the major drivers of the economy, output elasticity estimates points to evidenced, 
petroleum and electricity to have dominance for contributing to output over capital and labor to a 
lesser extent. The result also evidenced all inputs employed to be substitutes with a positive but 
low technical change. Substitution between petroleum and electricity ranging between1-1.39 is a 
clear indication that policies geared towards energy transition to electricity use will be feasible in 
the long run. This will mean the fueling of the economy will be done in a cleaner environment as 
well as saving the economy from huge petroleum import bills and subsidies. The range of 
substitution between capital and petroleum also points to evidence petroleum losing its 
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dominance to capital through an increase in capital intensive policies towards petroleum 
reduction.  
 
Key Words: Fuel Substitution; Renewable energy; output elasticity; Africa  
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CHAPTER ONE 
INTRODUCTION 
This chapter comprises of the background of the study, motivation of the study, objectives of the 
study, published works of the author and the organization of the other chapters of the study. 
 
1.1 Background of the study 
Africa is constituted by 54 sovereign countries with each country having its own economic 
problems however; almost all countries in the region have similar economic problems which can 
be generalized for all countries in the region. Africa’s problems rages from extreme weather 
conditions and environmental pollution, poverty, low capital formation, low technological 
advancement, high level of energy poverty, reliance on fossil fuel and biomass ( wood, charcoal, 
agricultural waste and animal waste) and corruption.  
Even though African countries are considered to be low CO2 emitters compared to emerging and 
developed countries, the Paris climate change conference (COP20) held in November 2015 is a 
wakeup call for Africa to increase its effort towards the global CO2 mitigation process. African 
countries are faced with eminent increase in CO2 emissions due to the rapid development agenda 
over the past decades notwithstanding, the high percentage of fossil fuel in its energy mix with a 
year on year increase in energy demand to meet both households and industrial energy demand 
deficits. Africa’s oil consumption almost doubled from 1.7 million barrels per day in 1985 to 3.2 
million barrels per day in 2010 (Source: BP,2011) coupled with its CO2 emissions reaching 
about 1.2 billion tones in 2009.The increase in CO2 emissions is as a result of the rapid  
economic growth in the industrial and construction sectors across the region. CO2 emissions in 
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